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Summary
Fungal diversity in Mediterranean forest soils is
poorly documented, particularly when considering
saprobic and pathogenic organisms. Next-generation
sequencing (NGS) methods applied to soil fungi
provide the opportunity to unveil the most incon-
spicuous functional guilds (e.g. saprobes) and life
forms (e.g. Corticiaceae) of this tremendous diversity.
We used fruitbody surveys over 2 years and soil 454
metabarcoding in Castanea sativa orchards to evalu-
ate respectively the reproductive (fruitbodies) and
vegetative (mycelia) parts of fungal communities in
three 100-year-old stands. Analysis of 839 fruitbodies
and 210 291 ITS1 reads revealed high fungal diversity,
mainly shown by belowground analysis, with high
(dominant) abundance of mycorrhizal fruitbodies and
reads. Both methods displayed contrasted composi-
tion and structure of fungal communities, with
Basidio- and Ascomycetes dominating above- and
belowground, respectively. For the two dominant
fungal guilds (i.e. ectomycorrhizal and saprobic),
diversity above- and belowground overlapped weakly.
This study is the first assessment of the complemen-
tarity of fruitbody surveys and NGS for analysing
fungal diversity in Mediterranean ecosystems and
shows that belowground methods still need to be
completed by fruiting diversity to provide a compre-
hensive overview of the different fungal guilds. The
results shed light on chestnut soil biodiversity and
question the spatial distribution and synergies
among fungal guilds.
Introduction
Fungi are among the most diverse organisms on Earth
(Blackwell, 2011). Despite their relevance in soil and eco-
system functioning, fungal communities and their struc-
ture on a fine scale remain unknown in many ecosystems
(Anderson et al., 2014; Tedersoo et al., 2014). This partly
pertains to the marked discrepancy between fruiting pat-
terns (the so-called aboveground, hereafter called the
classic view) and vegetative patterns (the belowground
view) of fungal communities (see Horton and Bruns, 2001,
for a review) and the only recent emergence of next-
generation sequencing (NGS) methods in fungal commu-
nity ecology (Buée et al., 2009; reviewed by Orgiazzi
et al., 2015). Aboveground views are based on the survey
of epigeous fungal fruitbodies (Schmit and Lodge, 2005),
which provide valuable information on the reproductive
investment of co-occurring species but partially reflect
fungal diversity. In fact, some species do not produce
conspicuous fruitbodies (such as many obligatory
biotrophic species) (Bidartondo and Gardes, 2005).
Furthermore, fruitbody abundance represents a distorted
view of the distribution of mycelia in soil (Gardes and
Bruns, 1996).
Sequencing of fungal DNA, and especially internal tran-
scribed rDNA spacer (ITS) barcoding, has allowed a
renewal of the study of soil fungal communities (reviewed
by Anderson and Cairney, 2004). These methods, pri-
marily applied to mycorrhizal root tips, were recently
enriched by soil-based next-generation DNA sequencing
developments (Shokralla et al., 2012) to access a greater
proportion of the soil fungal diversity, including saprobic
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and phytopathogenic/phytoparasitic ecological guilds
(Taberlet and Coissac, 2012). However, despite the high
potential for detecting huge microbial diversity, previous
work has shown that issues remain when applying NGS
methods to assessment of fungal diversity (Orgiazzi et al.,
2015).
Previous studies compared belowground molecular
approaches and aboveground fruitbody surveys, mostly
limited to ectomycorrhizal (ECM) communities (e.g.
Richard et al., 2005; Porter et al., 2008; Geml et al.,
2009). In these comparative studies, molecular methods
identified operational taxonomic units (OTUs) restricted to
Agaricomycotina (Porter et al., 2008) or the Lactarius
genus (Geml et al., 2009), with little overlap between
above- and belowground ECM diversities. In a Quercus
ilex forest, the combination of fruitbody identification and
ITS barcoding on ECM root tips revealed less than 20%
overlap between above- and belowground species
expression (Richard et al., 2005). To our knowledge, only
one study compared the ability of metabarcoding and
classic methods to describe fungal diversity. This study
showed a correlation between mycelial abundance and
investment in reproductive structures of the fungal
saprobic community inhabiting Picea abies dead wood
(Ovaskainen et al., 2013). Although this reported work
was not performed in soil fungal community, the results
suggest that the discrepancy classically observed
between above- and belowground views of ECM commu-
nities would not apply to other fungal guilds.
Sweet chestnut (Castanea sativa Mill.) is a tree species
of great economic and landscaping importance in many
Mediterranean countries (Castro, 2008). In recent
decades, chestnut cultivation has declined dramatically in
many regions because of pathogen attacks and profound
societal changes (Waldboth and Oberhuber, 2009).
Chestnut ecosystems are among conservation priorities
in Europe (Habitat Directive 92/43/EEC, 1993) and repre-
sent a source of socioeconomic services, including mush-
room picking, but paradoxically their associated fungal
diversity is poorly known (for examples, see Blom et al.,
2009; Baptista et al., 2010). Previous work in this ecosys-
tem has revealed little overlap between above- and
belowground fungal communities using fruitbody surveys
and ITS barcoding of ECM root tips (Peintner et al., 2007),
but a deeper, more detailed molecular inventory may
change this picture. To the best of our knowledge, no
detailed description of the fungal diversity associated with
chestnut, including soil mutualistic, saprobic and parasitic
guilds, has been produced so far. Here, we combine a
2-year diachronic and high-resolution fruitbody survey
and ITS1 soil metabarcoding in the same chestnut
orchards to provide the first comprehensive overview of
the fungal diversity associated with C. sativa and assess
the complementarity of fruitbody surveys and soil
metabarcoding approaches to reveal the full diversity
within Mediterranean fungal communities.
Results and discussion
Fruitbody- versus 454 belowground views of
fungal diversity
Above- and belowground fungal communities were deter-
mined from three 100-year-old non-tilled chestnut
orchards from Northeast Portugal, in two nearby orchards
(A and O) and another (T) located ca. 4 km away (Fig.
1A), investigating five plots per orchard. The aboveground
macrofungal community, evaluated by surveys of
epigeous fruitbodies from 2010 to 2011, comprised 47
species (Table S1) belonging to 16 families and 22
genera, all from Basidiomycota. At the family level, the
greatest number of species belonged to Russulaceae,
Strophariaceae, Amanitaceae and Inocybaceae. At the
lower taxonomic level, the most diverse genera were
Russula (17% of total number of fruiting species), Inocybe
(11%) and Amanita (11%). In terms of abundance among
the 839 harvested fruitbodies, the genera Inocybe (31% of
total number of fruitbodies), Hypholoma (28%) and
Amanita (11%; Table S1; Fig. S1) dominated.
The 454 metabarcoding of the 30 soil cores (2 per plot,
i.e. 10 per orchard) revealed a total of 210 291 ITS1
raw reads (Table S2). The sequences of the 199 919
high-quality fungal reads were assigned to 501 OTUs,
belonging to Ascomycota (49.9%), Basidiomycota
(40.5%), Zygomycota (5.0%), Chytridiomycota (1.4%) and
Glomeromycota (0.6%; Table S3). Besides taxonomically
well-assigned OTUs, some OTUs were included in unclas-
sified taxa (59 at the genus level, 72 at the family level, 20
at the order level, 31 at the class level, 13 at the phylum
level). The greatest number of Ascomycota OTUs
belonged to Sordariomycetes (30% of Ascomycota), fol-
lowed by Letiomycetes (19%), whereas Basidiomycota
OTUs were dominated by Agaricomycetes (90% of
Basidiomycota), 47% of which belonged to Agaricales. For
Basidiomycetes, ECM species dominated in diversity and
abundance: the greatest number of OTUs belonged
to Thelephoraceae (14%), Russulaceae (13%) and
Inocybaceae (7%), and the richest genera were Russula
(9%), Inocybe (6%), Tomentella (5%), Cortinarius (4%) and
Amanita (3%). In terms of abundance (considering the
total number of reads, including the unclassified ones),
Basidiomycota was the most abundant phylum (77% vs.
16% for Ascomycota; Fig. S2). The most abundant
Basidiomycota taxa were mainly from the Agaricomycetes
class (69% of the total number of reads), and most abun-
dant genera were primarily ECM, first Russula (20%) and
to a lesser extent Inocybe (7%), Tricholoma (6%) and
Cortinarius (5%).
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Above- and belowground fungal communities differed
markedly in composition. When considering OTUs identi-
fied at the genus level, only 13 out of 187 genera occurred
in both fruitbodies and soil DNA records (Fig. 2). However,
above- and belowground communities were similarly
dominated in abundance and diversity by Inocybe,
Amanita, Russula, and to a lesser extent by Tricholoma
and Cortinarius. This result indicates that in this area of
introduction, C. sativa establishes ECM associations
dominated by genera that classically shape communities
on other Fagaceae naturally present in the surrounding
landscapes, such as Mediterranean oaks (e.g., Richard
et al., 2005; Azul et al., 2010). Other well-represented
genera, detected in either above- or belowground views,
were not detected by the other method. The discrepancy
in relative abundance detected by both approaches was
more conspicuous at the species level because only five
taxa (Amanita pantherina, Amanita rubescens, Bovista
plumbea, Hypholoma acutum and Russula parazurea)
were identified by both analyses (Fig. 2B). At the whole
community level, abundances of above- and belowground
species did not correlate among plots (P = 0.537,
r2 = 0.026), but this result was expected because each
approach is biased towards a particular lifestyle or repro-
duction form.
Our results confirm the weak correlation between
fruitbodies and soil DNA distribution patterns previously
reported for ECM fungal species (e.g. Kjøller, 2006;
Taschen et al., 2015). This consensual discrepancy
pattern has been reported for both ascomycetes, such as
Fig. 1. Diversity of fungal communities
between chestnut orchards.
A. Image created using Google Earth
depicting the spatial distribution of the
chestnut orchards studied. Orchards A and O
(N 41° 51 W 6° 49; 899 m altitude) were
located in Oleiros, whereas orchard T was
located in Terroso (N 41° 52 W 6° 50; 886 m
altitude), ca. 4 km away from A and O.
B. Rarefaction curves for the estimated
richness of fungal communities from orchard
soils (A, O and T), using above- and
belowground analyses. Rarefaction curves
were computed by Species Diversity and
Richness – version 4 discarding the
singletons (Seaby and Henderson, 2006).
C. Pairwise Jaccard’s similarity indices
between fungal communities from different
plots of the same orchard (A versus A, O
versus O, T versus T) or from plots of
different orchards (A versus O, A versus T, O
versus T). Analyses were performed for fungal
communities detected by fruitbody survey
(‘above’, on the left) or by 454
pyrosequencing of soil (‘below’ on the right)
and were computed in the Community
Analysis Package – version 4 (Henderson
and Seaby, 2007). Mean values (columns)
and standard deviations (bars) are reported
for each comparison. Different letters indicate
a significant difference at P ≤ 0.05 (one-way
ANOVA, Tukey’s test). For more details, see
Supporting Information.
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Tuber magnatum (Zampieri et al., 2010), and
Basidiomycetes, such as Hebeloma cylindrosporum,
whose mycelium was not detected in soil collected more
than 50 cm away from fruitbodies (Guidot et al., 2002).
Fruitbody surveys describe the community fraction that
reproduces, whereas belowground approaches reveal
vegetative or even dormant (spore and sclerotia bank)
individuals (Avis et al., 2006). However, belowground
approaches partially compensate for the limited number of
species and lack of saturation typically observed in
aboveground surveys (e.g. Buée et al., 2009). The lack of
correspondence between methods was suggested to be
partly due to the patchiness of fungal distribution within the
soil, even between close soil cores, as well as to the
differential ability of fungi to occupy restricted ecological
niches (e.g. rhizosphere versus soil). Similar reasons
were pointed out for the low overlap between the
Agaricomycetes community evaluated by fruitbodies
versus soil rDNA analysis in a North American hemlock
forest (Porter et al., 2008). In C. sativa forests, the identi-
fication of ECM root tips by sequencing the rDNA-ITS
region and rDNA clones obtained from soil cores provided
poorly overlapped views (Peintner et al., 2007). Thus, NGS
and fruitbody surveys are complementary approaches to
be combined in overviews of fungal communities.
Spatial variation of fungal diversity patterns
Orchards O and T presented lower total numbers of
fruitbodies (192 and 123, respectively) when compared
with orchard A (524), but this was due to two abundantly
fruiting species (H. acutum and Inocybe sp. 2, which rep-
resented 84% of fruitbodies in A; Table S1), so that
orchard A presented fewer number of fruiting species (12)
than O (26) and T (30; Fig. S3). By contrast, soils from
orchard A presented more OTUs (118) than O (97) or T
(98), due to differences in Ascomycetes diversity (53
OTUs in A, 37 in O, and 34 in T).
Fungal diversity was compared among orchards by the
evaluation of rarefaction curves (Fig. 1B) and computation
of diversity indices (Table 1). Rarefaction curves for
fruitbody surveys did not reach a plateau (Fig. S4), and
confirmed that diversity was similar in O and T, and lower
in A. Metabarcoding rarefaction curves were closer to
reaching an asymptote, suggesting a more representative
Fig. 2. Relative abundance of the most frequent fungal genera (A)
found in both approaches (I) or exclusively aboveground (II) or
belowground (III). The five most frequent taxa found in both
approaches (B) are also illustrated. Abundance of fruitbodies and
reads are, respectively, shown above or below the x axis.
Macrofungal fruitbodies were collected within each plot weekly
during the autumn (September 15 to November 31) and spring
(May 1 to June 30), and biweekly in winter (December) and
summer (July), in 2010–2011. On each plot, two soil cores (8 cm of
diameter and 12 cm in depth) were collected on 13 April 2011, 2 m
away from a single tree trunk, and the fraction between 4 and 8 cm
in depth was analysed. After being thoroughly mixed and sieved
using a 2 mm mesh to remove minor woody debris and roots, each
of the 30 soil cores was used for DNA extraction and
pyrosequencing. For each soil core, high-quality fungal sequences
were assigned and classified by RDPclassifier (Wang et al., 2007).
Taxonomic classification of species and OTUs was performed
accordsing to Kirk and colleagues (2008). For more details, see
Supporting Information.
Table 1. Diversity parameters for fungal communities in orchards A, O and T, as seen by fruitbody survey (aboveground analysis) or 454
pyrosequencing (belowground analysis): species richness (S), Diversity rarefied to n = 24 (Sˆ 24), Simpson’s index (D), Fisher’s alpha, Chao1, ACE
and first-order Jacknife estimates.
Orchard S Sˆ 24 D α Fisher Chao1 ACE Jacknife
Aboveground analysis A 12a 4.47a 2.85a 12.65a 12.50a 12.02a 12.0a
O 26b 10.52b 10.16b 8.10b 32.00b 26.84b 26.0b
T 30b 9.25b 11.22b 2.19b 38.64b 32.95b 30.0ab
All 47 8.89 6.688 10.77 96.00 47.8 47
Belowground analysis A 343a 11.46a 31.00a 54.28a 351.24a 350.81a 343a
O 302b 11.21ab 15.89ab 50.11b 333.13b 331.68b 302b
T 265b 7.03b 19.04b 38.19b 292.36b 291.05b 265b
All 501 9.36 45.08 69.95 501.00 501.00 501
In each analysis, different superscript lowercase letters denote statistically significant differences (at P ≤ 0.05) between the same parameter.
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belowground sampling. Significant differences in diversity
indices for fruitbodies and OTUs were found among
studied chestnut orchards (Table 1 and Table S5) and
statistically supported the differences opposing orchard A,
on the one side, and O and T on the other. This may be
related to differences in physical or chemical factors
stimulating fungal fruiting (e.g. soil moisture) as observed
in other studies (reviewed by Pinna et al., 2010). The
hyper-dominance of two macrofungal species (Inocybe
sp.2 and H. acutum) in orchard A, only detected in the
aboveground view, together with a lower fruitbody diver-
sity, suggests that aboveground analyses are sensitive to
massive (and possibly erratic) fruiting events that do not
necessarily reflect belowground abundance and diversity.
In fruitbody inventories, a plateau in diversity is difficult to
achieve, even over a long time (e.g., Tofts and Orton,
1998), due to, at least, (i) inter-annual environmental fluc-
tuations, triggering the fruiting of different species and (ii)
community turnover, which may entail variations over
years. Such limitations of fruitbody surveys are partially
solved by synchronic soil metabarcoding (with the corre-
sponding problem that the view is then not balanced over
the year and seasons).
The pairwise comparison of Jaccard’s coefficient
between orchards, as well as between plots within
orchards, revealed higher similarity based on OTUs than
based on fruitbodies (Fig. 1C), although the sampling was
more discontinuous belowground. For the metabarcoding,
plots tended to be more similar within than between
orchards. The highest Jaccard’s coefficients, Sorensen’s
indexes and number of shared species/OTUs were rec-
orded for orchards O and T (Tables S6 to S9). For
fruitbody surveys, both orchards even presented slightly
higher values than the plots within orchard A. By contrast,
orchards A and T were the most dissimilar. Similarities
between plots in terms of shared fruitbodies versus
shared OTUs did not correlate for the whole fungal com-
munity (Mantel test: r = −0.150, P = 0.123; Table S4) or
even for the most represented phylum Basidiomycota
(r = −0.058, P = 0.564). A significant correlation was only
found for the most abundant Basidiomycota OTUs, com-
prising those with more than 10 reads in the whole study,
and fruitbodies (r = 0.218, P = 0.031).
When considering distance between sampling plots,
fungal community similarity decreased as geographic dis-
tance increased (Table 2), independently of the sampling
method (fruitbodies or OTUs). Within the same orchard, in
which the most separated plots were 250 m apart, most
correlations were negative and non-significant. The
picture was different at higher scales, where Mantel tests
revealed significant negative correlation between similar-
ity indexes and distance between orchards, exemplifying
the usually low compositional drift with distance obtained
in these communities previously found using fruitbody
surveys (Richard et al., 2004). When evaluating plots
from two different orchards, the most negative and signifi-
cant correlation was not found for the most separated
plots (O and T), suggesting that distance is not the sole
factor driving divergence at this scale, and that other
parameters (e.g., soil chemistry, history of practices, plant
community features) could drive spatial heterogeneity (de
Vries et al., 2012). Indeed, in contrast to plant and animal
taxa, microbial distribution seems primarily controlled by
edaphic variables (van der Gast et al., 2011). The signifi-
cant divergence between plots emphasizes the impor-
tance of selecting the appropriate soil sampling and
sample pooling strategy, which greatly influence the
description of the soil microbial community (Manter et al.,
2010). Here, with two independent soil replicates from
each plot resulting in 10 cores per orchard, we expected
to minimize variability within orchards and to characterize
fungal communities better. Indeed, not only was a plateau
almost reached in community description, but also
Jaccard’s and Sørensen’s similarity coefficients were
always higher between orchards for metabarcoding than
for fruitbody surveys. However, because the evaluation of
fruitbodies covers a wider sampling area/time and the
metabarcoding is spatially and temporally restricted, the
Table 2. Mantel test statistics for the correlation between community similarity or diversity and geographic distance between plots within orchards,
or between orchards.
Aboveground Belowground
r(Srd) r(Jcd) r(Srd) r(Jcd)
Orchard A community −0.602 −0.595 −0.173 −0.169
Orchard O community −0.229 −0.271 −0.037 −0.045
Orchard T community 0.474 0.488 0.057 0.059
Orchard A/O community −0.375** −0.386** −0.762*** −0.756***
Orchard A/T community −0.716*** −0.714*** −0.873*** −0.865***
Orchard O/T community −0.366* −0.353* −0.383*** −0.382***
Whole community −0.283** −0.276** −0.339*** −0.350***
The Mantel statistic r(Srd) estimates the correlation between similarity (Sørensen index) and distance, and the statistic r(Jcd) the correlation
between similarity (Jaccard index) and distance. The P-value has been calculated using the distribution of r(Sd) estimated from 10 000
permutations. *, **, and *** denote relationships significant at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, respectively.
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combination of above- and belowground analyses pro-
vides a more complete view of the soil fungal community
(see also Halme et al., 2012); we thus recommend this
dual approach.
Relation between ecological guilds
We grouped the identified species/genera (from fruitbodies
and OTUs identified at least to genus level and repre-
sented by five or more reads) into guilds defined by trophic
strategies (Tables S1 and S3). ECM species dominated the
aboveground fungal community (in richness and abun-
dance) with 64.5% of fruitbodies, whereas saprobic and
phytoparasitic species represented 34.5% and 1% of the
total, respectively. Most reads (77.1%) and OTUs (50%)
belonged to mycorrhizal fungi (Table S3). Saprobic species
were second in abundance (9% of reads) and diversity
(22.7% of OTUs). Last, phytopathogenic/phytoparasitic
organisms accounted for only 5.8% of reads and 9.3% of
OTUs. Identified phytopathogens are unable to infect
chestnut trees, and we found no species causing severe
chestnut diseases (like Cryphonectria parasitica; our
primers cannot detect Oomycota such as the ink disease
agents) (Anagnostakis, 1995).
The complementarity of above- and belowground views
of community composition was consistently low for the
dominant ecological guilds (Fig. 3). A higher diversity was
obtained by metabarcoding for all guilds, which is not
surprising when considering the deeper sampling effort
and the fact that the majority (estimated 58%) of
metabarcoded OTUs do not produce visible fruitbodies.
But even among species able to fruit, the two methods
revealed a limited overlap: only 6.7% of soil fungal
OTUs were represented by fruitbodies and, reciprocally,
metabarcoding failed to detect 89% of the fruiting species.
This pattern was consistent across ecological guilds (Fig.
3). Even among fruiting species, fructification is affected by
habitat and climatic conditions in a complex way, so that the
amount of vegetative mycelium is not its sole predictor
(Peintner et al., 2007). Moreover, contrasted above- and
belowground sampling designs may also contribute to the
weak diversity overlap, especially for the saprobic guild:
while soil cores were collected at a limited depth (from 4 to
8 cm) from spatially discontinuous, limited locations,
fruitbody surveys were the expression of the whole soil
profile in a continuous area (plot), even if hypogeous and
crustose diversity was not surveyed. Restricting
metabarcoding to a focal soil horizon that did not include
the surface organic soil layers may have discarded (i)
saprobes that dominate in the organic horizon (e.g.
Vorˇíšková et al., 2014), including those able to form
fruitbodies and (ii) some ECM species, whose mycelia can
be concentrated at exclusive levels of the soil profile (e.g
Anderson et al., 2014). Lastly, difference in time and dura-
tion of sampling of soil cores (on 13 April 13 2011) and
fruitbodies (fruiting events from January 2010 to December
2011) could have affected the results: any temporal
dynamics of fungal communities (see Richard et al., 2011;
Vorˇíšková et al., 2014) may have limited metabarcoding
representativity.
In conclusion, this study is, to the best of our knowledge,
the first comparison of the soil fungal community by
fruitbody survey (aboveground approach) versus
metabarcoding (belowground approach). Besides the
detection of the mycorrhizal community, it provides a
belowground view of the parasitic and saprobic fungal
community and reveals previously undetected diversity in
chestnut orchards. Because practical limitations still con-
strain fruitbody detection and soil sampling, the two
approaches remain complementary in depicting the soil
fungal community because they provide non-overlapping
results. Fungi with clustered, patchy distribution could
have slipped out of 454 pyrosequencing, whereas tempo-
rally erratic production of fruitbodies limits the efficiency of
the aboveground view. Additionally, the detection of eco-
logical guilds other than the ECM one was only possible by
metabarcoding. The balance between ecological guilds in
soils provides the basis for further work, exploring fungal
interactions in soil and the roles of plant–fungi interactions
in the functioning of chestnut orchard ecosystems.
Data accessibility
Sequence data have been deposited in the National
Centre for Biotechnology Information (NCBI) Sequence
Read Archive (SRA) under accession number
SRP051057.
Fig. 3. Number of mycorrhizal, saprobic and total species/OTUs
detected by above- (dark grey), belowground (light grey) or by both
approaches (overlapping area), as well as their abundance
(number of fruitbodies/reads in brackets). Data correspond to all
detected fruitbodies and OTUs identified up to the genus (97%
identity) that presented more than 5 reads over the 30 soil cores.
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Supporting information
Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site:
Fig. S1. Taxonomic distribution of all macrofungi collected.
Species distribution is exhibited using Krona charts with
Microsoft Excel.
Fig. S2. Taxonomic distribution of all fungal identified reads.
OTUs assignment and classification were performed by
RDPclassifier of filtered reads, and OTUs distribution is
exhibited using Krona charts with Microsoft Excel.
Fig. S3. Venn diagrams representing shared macrofungal
species (a), total number of OTUs (b) and Basidiomycota
OTUs (c) between the three studied chestnut orchard sites.
Each orchard is referred by A, O or T.
Fig. S4. Rarefaction curves for the estimated richness of
microbial populations from orchard plot soils, using the above-
and belowground analyses. For aboveground analysis (a, c, e)
the number of identified species is represented as a function
of the sampling number, and for belowground analysis (b, d, f)
the number of OTUs (identified at 97% identity) is represented
as a function of the number of reads, both for soil samplesA(a,
b), O (c, d) and T (e, f). Curves were generated by Species
Diversity and Richness (version 6.0) software, discarding the
singletons. Each site is referred by two letters: A, O or T (first
letter) corresponds to the chestnut orchard, andAto E (second
letter) refers to each plot.
Table S1. Macrofungal species collected in each chestnut
orchard (A, O and T) during two consecutive years. Species
were classified by their ecological guild (EG) as mycorrhizal
(M), phytoparasitic (P) or saprobic (S).
Table S2. Number of reads obtained by 454 sequencing of
DNA samples taken from A, O and T chestnut orchards. The
total raw number of reads was subjected to a first quality
filtering using CLC Genomics Workbench (v8). Filtered and
trimmed datasets were then classified by RDPclassifier. The
number of unclassified reads found in each orchard is pre-
sented, being the unclassified reads at genus level displayed
in brackets.
Table S3. Identified OTUs and corresponding number of
reads found in each chestnut orchard soil. Only those OTUs
identified up to the genus, with more than 97% identity, and
represented by five or more reads are displayed. The eco-
logical guild (EG) of each OTU is also displayed: mycorrhizal
(M), parasitic (P), saprobic (S), parasitic/saprobic (PS) or
classification not available (NA).
Table S4. Occurrence of shared fungal species detected by
a fruitbody survey (upper side of the table) and shared
OTUs (with genus identified at 97% identity) (lower side of
the table) between plots. Values correspond to relative
abundance (in percentage) for each plot combination. Each
plot is referred by two letters: A, O or T (first letter) corre-
sponds to the chestnut orchard, and A to E (second letter)
refers to each plot.
Table S5. Diversity parameters for fungal communities from
the studied orchard plots, after surveying the fungal commu-
nity by fruitbody (aboveground analysis) or pyrosequencing
(belowground analysis) methods: Species richness (S),
Diversity rarefied to n = 24 (Sˆ 24), Simpson’s index (D),
Shannon index (H’), alpha Fisher, Chao1, ACE, and 1st order
Jacknife estimates. The highest and lowest estimates are
highlighted in bold, being the highest also underlined. Each
site is referred by two letters: A, O or T (first letter) corre-
sponds to the chestnut orchard, and A to E (second letter)
refers to each plot.
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Table S6. Similarity matrixes of the number of macrofungal
species shared between two sampling plots (upper side of
the table) and the geographical distance (in meters) between
two localities (lower side of the table). Each site is referred by
two letters: A, O or T (first letter) corresponds to the chestnut
orchard, and A to E (second letter) refers to each plot.
Table S7. Similarity matrixes of the number of shared OTUs
between two soil cores (upper side of the table) and the
geographical distance (in meters) between two localities
(lower side of the table). Each site is referred by two letters:
A, O or T (first letter) corresponds to the chestnut orchard,
and A to E (second letter) refers to each plot.
Table S8. Coefficients of similarity between orchard plots
using an aboveground analysis. The Jaccard’s coefficient is
displayed in the upper side of the table and the Sørensen’s
coefficient in the lower side. Each site is referred by two
letters: A, O or T (first letter) corresponds to the chestnut
orchard, and A to E (second letter) refers to each plot.
Table S9. Coefficients of similarity between orchard plots
using a belowground analysis. The Jaccard’s coefficient is
displayed in the upper side of the table and the Sørensen’s in
the lower side. Each plot is referred by two letters: A, O or T
(first letter) corresponds to the chestnut orchard, and A to E
(second letter) refers to each plot.
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